without being withdrawn from the external test-tube, and the agar sets immediately. In a few minutes when the agar has solidified the long glass tube is taken out and wiped with a piece of cbtton-wool. After removing the clip from the rubber tube the agar rope can easily be blown in a sterile petri dish. When the agar rope begins to form it will generally fall by its own weight. If a straight rope is preferred, it can be put in an aluminium dish 50 cm. long and covered by a lid; in this position it will be easier to cut the rope into small blocks. For purposes of sterility the first centimetre that comes out of the glass tube is cut off and discarded. The agar rope may be put into the ice chest at once and is ready for use. In practice it has been found that the rope should not be used before the first 24 hours nor after 10 days. After use the glass tube can be cleaned easily, sterilized, and prepared for the next rope.
Making Dilutions.-For making the dilutions the same slightly alkaline meat broth with 0.5% glucose is used. To each millilitre one drop of phenol red solution (1:1,000) is added. It is advantageous to use a drop technique for making the dilutions. When ordinary Pasteur pipettes are standardized this technique is no less accurate than measuring by calibrated pipettes. It is easy to standardize the external diameter by moving the capillary part of Pasteur pipette in a slit of exactly 1.0 mm. width cut in a small brass plate. When more exact figures are wanted the weight of the drops of the different liquids can be determined, and the viscosity and surface tension of the different liquids thus taken into account.
Preparing Agar Blocks.-It is necessary to have agar blocks of fairly equal dimensions, and to secure equality 11 thin razor blades are joined by two long screws through their holes, and the blades separated by brass rings to a distance of 1 mm. They are then fixed to a handle. By gently pressing the knives over the rope 10 equal disks will be obtained and will adhere between the blades, from which they can be pushed down by a small spatula.
Making Titration Trays. 12, 11, 10, 9, 8, 7 drops of this penicillin solution and 0, 1, 2, 3, 4, 5 drops of phenol red glucose broth are added. The wells then contain successively 1/20, 1/22, 1/24, 1/27, 1/30, 1/34 unit per ml. Then 10 agar disks are cut with the cutting device from the agar rope and one disk dropped with the small spatula into each well.
(Further dilutions can be tested if desired.) The tray is covered and put into the 370 C. incubator. After three to four hours the tray can be taken out and the result read. In practice we usually found that the liquid and disks in the third well (1/24 unit per ml.) were red whereas in the fourth (1/27 unit per ml.) they were yellow. Therefore 1/24 unit per ml. suppressed the metabolic processes of the staphylococcus.
Oblique Estimation of Penicillin Content of Blood Serum.-A suitable way is to add to 2 ml. of serum 1 ml. of glucose broth pH 7.6 without phenol red. Put 11, 10, 9, 8, 7, 6, 5, 4, 3 drops into the wells and add 0, 1, 2, 3, 4, 5, 6, 7, 8 drops of glucose broth without phenol red and then one drop of phenol red 1:1,000 to each well.
It may be advantageous to prepare the standard dilution of known penicillin content with normal human serum. Suppose that again the well containing 1/24 unit per ml. of standard penicillin is the first that shows lasting red colour, then each successive red-coloured well of the unknown serum indicates an original penicillin content of 0.06, 0.07, 0.08, 0.09, 0.11, 0.13, 0.15, 0.19, 0.25 unit per ml. serum. Shortly after an intramuscular injection of 40,000 units of penicillin the blood content may be so high that a dilution of 1:10 will be necessary. Then the readings will run from 0.27 to 1.00 unit per ml. serum or even higher if necessary.
As for serum determinations, we must admit that this is not a micro-method; in our opinion, however, this is fully counterbalanced by the advantages of the very simple bacteriological demands.
Discussion
The reason why this technique works so rapidly and easily is due to the fact that it uses material very rich in bacteria. Their fixation in the agar disk protects them from external influences. In the original cylinder plate method it was known that for reproducible results it is of some advantage to keep the ready poured plates with the staphylococci for 24 hours in the ice chest. We found that this was also true for the agar rope; we have observed too that the properties of the rope do not alter until after 10 days. The number of ropes to be prepared each week can be calculated, as we know that one rope of 45 cm. will suffice for 35 to 40 determinations. The use of material is minimal. The rich "inoculum," the fact that the indicator organism is protected by the agar, and the rapid reading make sterile precautions unnecessary. The use of clean materials and sterile phenol red glucose broth will suffice. Some chance contamination of the utensils will be of no significance whatever, as the time of incubation is four hours at the most.
In principle the use of staphylococci is not obligatory. Any other organism sensitive to penicillin and able to produce a readable change in any indicator will be suitable. It should be possible to make estimations of other antibiotics (e.g., streptomycin) by this technique. The haemolytic streptococcus is more sensitive to penicillin and it can be used in the following way.
A suspension of suitable haemolytic streptococci is prepared, preferably so that no haemoglobin can stain the fluid. This can be done by growing the streptococci on Loeffler serum medium. To 5 ml. of this suspension are added 0.75 ml. of defibrinated horse blood and 5.75 ml. 4% agar in water as already described, and the agar rope is prepared. Readings are made on haemolysis in the agar disks-i.e., the change from turbid red to laked red, and often after only two hours' incubation. In this case a standard penicillin control must be set up as the haemolytic streptococcus is much more variable than the staphylococcus. In our experience haemolytic streptococci present another disadvantage not found in staphylococci. They are, in varying degree, sensitive to the bacteriostatic power of normal serum, thus giving rise to anomalous results (Kirby and Rantz, 1944; Dolkart, Dey, and Schwemlein, 1947) . More than 50% of normal sera are endowed with some anti-streptococcal power. The same is true of Bacillus subtilis; 90% of normal sera show some bactericidal power towards these organisms (Elias, Merrion, and Speicher, 1945) . For estimations in culture media the described technique is easily adapted to B. subtiis (Pratt and Dufrenoy, 1947) The method is rapid, simple, and involves the use of a minimum of utensils which are to hand day and night and so can be used with the most rudimentary bacteriological equipment. It will suffice to have the basic bacteriological material supplied weekly from a better equipped institute.
The sensitivity of the method is 0.04 unit per ml. (serum). The quantity of material wanted for the test is 2 ml. (serum of 0.04 unit per ml.) or considerably less. With streptococci sensitivity can be augmented to 0.01 unit per ml. With practice this technique will save time, personnel, and materials.
We are greatly indebted to N. V. Organon, Oss, Holland, for technical and material help.
